Background. Falls among patients undergoing maintenance hemodialysis (HD) have significant consequences for quality of life and functional independence, morbidity, healthcare utilization and even mortality, but studies on the etiology of falls within large HD cohorts are limited. Methods. Falls during the past 12 months were ascertained for a prevalent multi-center HD cohort (n = 762) aged 20-92 years, and associations with demographic and treatment characteristics, comorbidities, cognitive function, prescribed medications, balance tests, frailty and depressive symptoms were assessed. Results. Falls were sustained by 28.4% of participants. In multivariable-adjusted analyses, participants classified as frail were over two times more likely to report falls [odds ratio (OR): 2.39, 95% confidence interval (CI): 1.22-4.71, P = 0.01], and participants with a CES-D score 18+ and/or prescribed antidepressants were over 80% more likely to be fallers (OR: 1.83, 95% CI: 1.23-2.74, P = 0.003) than were participants with a CES-D score <18 and no prescribed antidepressants. Conclusions. Frailty and depressed mood, factors that are potentially modifiable, are prominently associated with falls.
Introduction
Falls may occur annually in 25% or more of end-stage renal disease (ESRD) patients undergoing maintenance hemodialysis (HD), with significant consequences for quality of life and functional independence, morbidity, healthcare utilization and even mortality [1] [2] [3] [4] [5] [6] [7] [8] [9] . Beaubrun et al. [9] , using HD patient Medicare claim files in the United States Renal Data System (USRDS) for 2000-09, showed that a history of falls was a major contributor to fracture-related hospitalization. However, there have been few large studies on the etiology of falls occurring among HD patients [2] .
Recently, an association between falls and frailty was demonstrated in a single-center study of 95 HD patients [8] . Frailty is well documented as a predictor of falls in the geriatric literature [10] [11] [12] [13] [14] [15] [16] , but the recent work by McAdams-DeMarco et al. found a strong association between frailty and falls among HD patients regardless of their age [8] . However, the sample size limited their investigation of other variables such as depression that have previously been identified as posing significant risks for falling in the HD population [2, 7] . We used data from a large contemporary cohort of prevalent patients undergoing maintenance HD to examine the associations among falling, frailty and depressed mood/antidepressant use, within a multifactorial framework of risk of falling drawn from previous research (see Table 1 ).
Materials and methods

Data sources and collection ACTIVE-ADIPOSE (A Cohort Study to Investigate the Value of Exercise in ESRD/Analyses Designed to Investigate the Paradox of Obesity and Survival in ESRD)
is a multi-center study of prevalent patients on HD coordinated by the USRDS [17] . At seven outpatient dialysis clinics in the Atlanta, Georgia metropolitan area and seven outpatient dialysis clinics in the San Francisco Bay Area, CA, 771 prevalent HD patients were enrolled and participated in baseline assessments during 2009-11. Participating clinics were affiliated with large dialysis organizations, medium dialysis organizations and academic medical centers. The number of study participants per dialysis clinic ranged from 33 to 99 (median = 50). Institutional review boards at Emory University and the University of California, San Francisco approved the study.
Eligible study participants were adults (≥18 years old), English or Spanish speaking, on HD for at least 3 months, and capable of giving informed consent. The exclusion criteria were current treatment by peritoneal dialysis or home HD and evidence of active malignancy, including brain tumor and expected geographic relocation. Vulnerable populations ( pregnant women, prisoners, persons with significant mental illness) were also excluded. Single and double amputees and patients with prior or pending transplantation were considered eligible. Among eligible patients, 85% supplied informed consent and were enrolled. Reasons most frequently given by those who declined to participate were that they were 'not interested,' 'too busy' or 'enrolled in another study'.
Falls incurred over the past 12 months were reported by 762 study participants. A fall was defined as an event that resulted in a person coming to rest inadvertently on the ground, floor or other lower level [18] . Study coordinators conducted a brief interview with study participants, measured physical performance and reviewed medical records. Each study site (Atlanta and San Francisco) had one primary study coordinator who conducted the majority of the assessments; the primary coordinator also trained and supervised an assistant coordinator. Standardized training for data collection was provided by the investigators and a physical activity specialist. Consistency of measurement procedures was monitored throughout the study, using repeated demonstration/review of physical performance techniques and office quality control of recorded interview and medical record data. All physical performance and body composition assessments were conducted pre-HD on the midweek treatment day.
Race, gender, age and ESRD treatment start date were ascertained from patient report and the USRDS Medical Evidence Standard Analysis Files. Race was patient reported; for the small number of participants who declined to specify their race, race information was taken from the USRDS Medical Evidence file. Patients reported whether they lived alone and completed the Kidney Disease Quality of Life-Cognitive Function scale (KDQOL-CF) [19] and the Center for Epidemiologic Studies-Depression (CES-D) scale [20] during the interview.
In addition to history of vision problems, comorbidities abstracted from dialysis clinic medical records included diabetes, chronic obstructive pulmonary disease (COPD) and cardiovascular conditions, i.e. congestive heart failure (CHF), coronary artery disease/myocardial infarction, cerebrovascular accident/transient ischemic attack, peripheral vascular disease and other cardiac diseases (cardiac dysrhythmia, atrial fibrillation, tachycardia, pericarditis, cardiac arrest). Study coordinators measured patients' standing height and obtained the most recent pre-and post-dialysis weights from dialysis clinic medical records. Body mass index (BMI) was calculated as kg/m 2 . Receipt of vitamin D therapy, HD prescription and most recent preand post-dialysis blood pressures, Kt/V, serum albumin and serum creatinine were obtained from the dialysis clinic medical records. Currently prescribed home medications were identified in the medical chart.
For patients who could stand unassisted without the use of a cane or walker, study coordinators assessed and recorded participants' performance on three balance tests from the Short Physical Performance Battery (SPPB) protocol [21] , i.e. the side-by-side stand, semi-tandem stand and tandem stand. Participants received 1 point for maintaining balance for 10 s on each of the first two tests and 1 point for maintaining balance for 3-9.99 s and 2 points for maintaining balance for 10 s on the tandem stand. Thus, the total balance tests score could range from 0 to 4.
Participants were classified as non-frail, pre-frail or frail based on the Fried frailty index [10] , which includes five indicators: (i) shrinking, i.e. 10 pounds or greater unintentional weight loss in the past 12 months; (ii) self-reported exhaustion 'In the past week, everything I did was an effort most or all of the time' or 'In the past week, I could not get going most or all of the time'; (iii) weakness, i.e. dynamometer-measured grip strength of participants scoring in the lowest quintile, adjusted for sex and BMI; (iv) slowness, i.e. timed walk speed of participants in the slowest quintile on a 15-foot walk, adjusted for sex and height and (v) low physical activity, i.e. the lowest quintile for each sex of a weighted score of kilocalories expended per week in physical activities 'you have done in the past 2 weeks' as reported on the Minnesota Leisure Time Activity questionnaire [22] . Participants unable to walk were classified in the slowest quintile on the walk speed indicator, The study focus was severe falls, defined as 'fall(s) requiring presentation to an emergency department and/or hospitalization' [7] .
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consistent with other frailty research [23] . The Fried methodology defines participants positive for three or more of the five indicators as 'frail' and defines participants positive for one or two indicators as 'prefrail' [10] . Depressive symptomatology was assessed using the CES-D scale [20] . Among dialysis patients, a CES-D score of 18 or higher is considered suggestive of clinical depression [24] . Prescribed antidepressant medications, identified in the medical chart, included selective serotonin reuptake inhibitors (SSRIs), atypical antidepressants and tricyclic antidepressants. Depressive symptoms and antidepressant prescription or use are closely related variables. Thus, for inclusion in logistic regression analyses to estimate factors associated with participants' likelihood of incurring falls, we created a four-level variable summarizing the possible combinations of non-elevated (<18) and elevated (18+) CES-D scores and prescription of antidepressants: CES-D score <18 and no prescribed antidepressant(s) (the reference category) and CES-D score 18+ in conjunction with antidepressant(s), CES-D score 18+ not in conjunction with antidepressant(s) and CES-D score <18 in conjunction with antidepressant(s). A binary variable was also constructed to summarize elevated CES-D score/antidepressant use versus non-elevated CES-D score/no antidepressant use.
Statistical analyses
The association of sociodemographic, clinical, physiological (balance, frailty) and depression score/medication variables with the occurrence of falls was estimated in univariable and multivariable logistic regression models. Multivariable models included participants with data for all covariates; no missing data were imputed. The interaction of frailty and age was examined. Multivariable analysis was stratified by dialysis units. Statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC, USA). Table 2 shows basic demographic characteristics of the study population and corresponding characteristics of the overall US prevalent in-center HD population. Study participants ranged in age from 20 to 92 years, with a mean (SD) of 57.1 (14.1) and median of 57.5. Forty-one percent were women. The representation of African-American patients in the cohort was higher than in the overall US incenter HD population, consistent with the selected study sites, which contributed to the younger average age of the study cohort compared with the overall US in-center HD population. The primary cause of ESRD was diabetes or hypertension in 72% of the study cohort, similar to the overall US in-center HD population. Participants' median time since ESRD treatment start was 3 years. In terms of socioeconomic status, ∼76% had a high school education or above and 10% were currently employed.
Results
Overall, 28.4% of the cohort (216 participants) sustained one or more falls over 12 months, and 124 of these participants (57%) reported multiple falls. With a total of 671 falls reported, the fall incidence rate was 0.88 falls/ person-year and was not significantly different for amputees/non-amputees. Fractures were sustained by 11.2% of fallers and primarily involved the upper or lower limbs, in addition to two hip fractures and a forehead injury. Among patients who sustained these injuries, e.g. broken hip and broken vertebrae, 71% were hospitalized.
In unadjusted analyses, older age, female gender, CHF, PVD, COPD, higher number of prescribed medications, prefrail or frail status versus non-frail, and higher CES-D score and/or prescribed antidepressants were associated with increased odds of falling. A higher cognitive function (KDQOL-CF) score, a higher total balance tests score and higher level of serum albumin were associated with decreased odds of falling (Table 3 ).
In the multivariable-adjusted analyses, the odds of incurring falls were higher in association with frail, compared with non-frail, status (OR: 2.39, 95% CI 1.22-4.71, P = 0.01), and the interaction of age and frailty status (P = 0.46) was not significant. Compared with a CES-D score <18 and no prescribed antidepressants, the odds of incurring falls increased in association with a CES-D score 18+ and no prescribed antidepressants (OR: 2.02, 95% CI 1.26-3.26, P = 0.004). The odds of incurring falls were also greater as age increased (OR: 1.02, 95% CI 1.01-1.04, P = 0.01) and were lower in association with a higher cognitive function score (OR: 0.99, 95% CI 0.97-0.997, P = 0.01). Predictors of incurring an injurious fall, compared with incurring a noninjurious fall or no fall, were similar (multivariable proportional odds models; data not shown). Figure 1 shows the proportion of study participants who reported falls within the four CES-D score/antidepressant categories. Approximately one-third of participants had an elevated CES-D score and/or had antidepressant medications prescribed. Participants in this combined grouping, compared with participants in the reference category of non-elevated CES-D score and no prescribed antidepressants, were over 80% more likely to be fallers (OR: 1.83, 95% CI 1.23-2.74, P = 0.003). Figure 2 shows that the proportion of patients who experienced falls was similar across the three antidepressant categories (48% for those with SSRIs prescribed, 42% for those with atypical antidepressants prescribed and 43% for those with tricyclic antidepressants prescribed).
Discussion
This study, consistent with previous research ( Table 1 ), found that falls are likely to occur annually among 25% or more of HD patients, even in a cohort that is not primarily elderly. Figure 3 shows the rate of falls by age group of study participants. Falls were more common among patients aged 45-64 years than those aged 65-74 years and were almost as common as in patients aged 75+.
Evidence for many of the fall risks that have been identified among HD patients mirrors findings from falls research a n = 720 participants with information for all covariates; analysis stratified by dialysis units. 260 N.G. Kutner et al. in the general population. Having experienced a prior fall is a well-recognized precursor to falling [4, 7, 25] , and more than half of the fallers in our study experienced multiple falls over 12 months. Fall risk has been shown to increase with increasing comorbidity burden, medication burden and age, although HD patients in a wide age range may experience falls [8] . Whether men or women who are undergoing HD have a greater risk for falls is less clear. Cognitive status is a key factor in the individual's inability to compensate for physical decline and instability and is therefore implicated in the etiology of falls [26] , but cognitive status has not been routinely controlled in prior studies of falls among dialysis patients. Independent of the influence of age, gender, cognitive function and comorbidity and medication burden, we observed significantly higher odds of falling in association with being assessed as frail. Consistent with the observed association of falls and frailty, patients who reported falling had lower mean (SD) serum creatinine values (and presumably less muscle mass) than those who did not report falling [8.8 (3.8 .) versus 10.2 (3.6); P < 0.0001]. In addition, patients who sustained falls were more likely to have elevated depressive symptom scores and/or to have prescribed antidepressants. It is unclear whether the reason for the prescription of antidepressant medications, or the associated features of depression that warrant medications, or the actual drugs may portend risk.
Although poor balance is a well-recognized contributor to falling among the elderly [27] , the total SPPB balance tests score was not significantly associated with falls among our study participants in the fully adjusted analysis, although an association was evident in the univariate analysis. Similarly, Rossier et al. [7] found that the Performance-Oriented Mobility Assessment (POMA) test, which evaluates position changes and gait maneuvers used during daily activities, did not independently predict severe falls in HD patients, although the authors observed a trend toward a lower POMA score among fallers when compared with non-fallers. Elements of the SPPB balance tests and the POMA test may be captured by the muscle strength and walk speed evaluations that are included in the Fried frailty assessment, and reduced cognitive function, for which dialysis patients are at increased risk, may be a key factor in the inability to compensate for balance vulnerabilities and subsequently fall.
Our study has several important strengths. Data were supplied by a large multi-center study cohort of over 700 patients. A large number of patient characteristics and treatment-related factors were carefully assessed, including performance-based measures of balance, muscle strength and gait speed. The fall prevalence that we observed was very similar to several 12-month prevalence estimates from other studies (Table 1) .
However, although the ACTIVE-ADIPOSE cohort shares many similarities with the general ESRD population, the fact that participants were limited to seven outpatient clinics in the Atlanta area and seven outpatient clinics in the San Francisco Bay Area yielded a subset that was not highly representative of the national ESRD population. We also acknowledge that we did not obtain information about the circumstances during which falls occurred. We were able to confirm injurious falls that required hospitalization, but non-injurious falls may have been underreported. Finally, the cross-sectional study design may also be viewed as a limitation. We stress that our data represent observed associations and that we cannot posit a clear temporal sequence between frailty status and falls, nor between depressive symptoms and falls. Falls may increase the likelihood of frailty and depressive symptoms, rather than vice versa. Both frailty and depressive symptoms are likely to evolve over a period of time, and measures obtained at only one point in time may be misleading. However, we suggest that identifying associations among falls, frailty and depressive symptoms is important because individuals who sustain a fall are at increased risk for a subsequent fall, and frailty status and depressive symptoms suggest potential opportunities for intervention.
We did not find an increased likelihood of falls in association with vintage, living alone or being non-English speaking, vision problems, HD prescription, average volume removed per HD treatment or average Kt/V, pre-or post-dialysis blood pressure or blood pressure changes or average serum bicarbonate level. The majority of all participants (76%) were receiving vitamin D therapy, but osteoporosis and vitamin D deficiency have been reported to affect weight-bearing lower limb antigravity muscles that are necessary for postural balance and walking [28] , and significant associations of low serum 25 (OH) D concentration with falls and fall risk and the occurrence of falls have been shown [29, 30] . Other factors that may be important to investigate in relation to falls include nPCR, lowest intradialytic blood pressure and prescription of medications that may be associated with postural drop or altered mental status. We did investigate the association of falling with prescription of neuroleptics, narcotics and sleep medications, and no association with falling was evident for neuroleptics and narcotics. Study participants who reported falls were more likely to have sleep medications prescribed, but patients with sleep medications prescribed were also more likely to have elevated CES-D scores and/or to have an antidepressant prescribed, consistent with the well-recognized association between sleep disturbance and depression.
The frailty index, or selected indicators included in this index, could be used to screen for patients who are at increased risk for falls. Sourial et al. have recently shown that indicators of mobility, nutrition, physical activity and strength, in combination with cognition, improved the prediction of disability in older adults, beyond the contributions of age, sex and comorbidity. Although the improvement in prediction was modest, this 'may still be worthwhile because while age, sex and the number of chronic diseases are not modifiable, frailty may be' [31] . Similarly, depression management may be relevant for fall prevention [2, 32] , although the role of antidepressants in fall risk remains unclear. Interestingly, in the MOBILIZE Boston study [33] , researchers observed increased falling in association with depressed mood and antidepressants among participants who had no walking disability. In addition, longitudinal analyses of participants in the Women's Health Initiative Observational Study showed that depressive symptoms and antidepressant use were associated with incident frailty after 3 years of follow-up of >27 000 women aged ≥65 years who were classified as non-frail at their initial assessment [34] .
While all the components of the Fried frailty index provide important information, slowed or irregular gait, which is likely to reflect impaired energy, movement control and support, seems to be especially predictive of fall risk in older adults [35] . Slowed gait may be associated with a 'vicious cycle of reduced physical activity and deconditioning that has a direct effect on health'. [36] Of note, 78% of HD patients classified as frail by the Fried index in our study population were defined as frail on the walk speed indicator [37] . Addressing low levels of physical activity, even with a simple walking program, is a logical target. Participation in self-selected exercise activities was shown in the Health, Aging and Body Composition study to be independently associated with delaying the onset and progression of frailty [38] . In addition, a recent Cochrane review concluded that exercise is moderately more effective than no therapy for reducing symptoms of depression [39] . Tai Chi, which has been shown to improve functional balance and reduce the frequency of falls as well as impact favorably on indicators of psychosocial well-being [25, 27] , can be a useful option for dialysis patients [40] . Reducing the prevalence of falls among patients undergoing HD should have high priority as a marker of the quality of delivered care.
